INTRODUCTION
To date, primary outcome measures in cannabis use disorder (CUD) treatment trials have focused on abstinence as measured with biological (urine cannabinoid testing) and self-report measures of cannabis use. 1 While abstinence is the ultimate goal, these treatment studies have demonstrated overall low rates of abstinence, though many patients reduce their use. 2 One factor may be that it is common for patients with CUD to identify reduction in use as a treatment goal, and not abstinence. 3 Further, with increasing state legalization of both recreational and medical marijuana, there is a movement to understand if some amount of cannabis use is "acceptable," in that it does not negatively impact health in a significant way. 4 If reduction in cannabis use that does not equate to abstinence is a reasonable target for treatment assuming some amount of cannabis use is not detrimental to one's health, a clear consensus on what constitutes a clinically meaningful reduction during treatment is needed. As a start, we need to understand the relationship between changes in cannabis use and other functional outcomes in order to establish endpoints for interventions.
Quality of life (QoL) is a subjective, person-centered, multidimensional concept that assesses physical, mental, emotional, and social well-being. The assessment of QoL in cannabis users shows promise as one outcome measure to track alongside changes in cannabis use during treatment. 5 Regular and heavy cannabis users have associated poorer subjective ratings on QoL with regards to exercise, activity, sleep, and general health as compared to light or non-users. 6, 7 A recent systematic review, demonstrated heavy cannabis use or CUD is associated with reduced QoL. 8 Notably, in recreational users, regular, weekly cannabis use is associated with lower mental health related QoL whereas occasional use of cannabis, defined as less than weekly use, is not associated with diminished QoL in individuals with co-occurring anxiety disorders or depressive disorders. 9 This suggests a dose response relationship of cannabis use in terms of frequency and amount on QoL. Prospective and retrospective studies of cannabis users found events that led to improvement in QoL (eg, marriage, employment, parenthood) were associated with reduction in use or abstinence while continued use was associated with factors that decreased QoL (eg, unemployment, low income, stress, other substance use disorders that decrease functioning). 10, 11 Large epidemiological data from the NESARC show cannabis users report poorer mental health related QoL (eg, poorer general mental health, lower levels of vitality, and less productivity due to emotional problems) compared to non-users, with these differences being greater in women compared to men. 4 This finding was replicated in women with cannabis use disorders and co-occurring depression. 12 The relationship between cannabis use and QoL appears to be differentially impacted by the severity of cannabis use, with gender playing a potential moderating role.
The aim of this secondary analysis was to assess whether cannabis use in individuals with CUD undergoing outpatient treatment through a double-blind randomized placebo-controlled trial (see Levin et al. 3 combination of lofexidine and dronabinol verses placebo) is associated with self-reported measures of QoL. Additionally, we also examine whether this association is significantly moderated by gender. We hypothesized that (1) more severe cannabis use would be associated with poorer QoL at the start of the clinical trial, and (2) reduction in cannabis use both in terms of quantity in grams and frequency in days and/or abstinence, while accounting for treatment arm, will be associated with higher QoL in women than in men at end of study.
METHODS

Sample and Study Design
Details regarding screening, inclusion, and exclusion criteria of participants, and study design have been previously published. 3, 13 All participants met criteria for cannabis dependence based on the Structured Clinical Interview (SCID) for Diagnostic and Statistical Manual of Mental Disorders-Axis I disorders DSM-IV and were seeking treatment. Baseline characteristics of participants are described elsewhere in detail. 3 Of the 156 participants enrolled in the double-blind study, 122 participants were randomized to receive either placebo or active medication (dronabinol and lofexidine) for 11 weeks in an outpatient clinic setting. 3 A total of 62 participants completed 12 weeks of the study and completed QLES-Q-SF scores at week 12. All participants received manualized motivational enhancement and cognitive behavioral/ relapse prevention therapy over the course of the trial.
MEASURES
Cannabis Use
The timeline follow-back (TLFB) assessment modified for marijuana 14 was used to assess participant cannabis use at twice weekly clinic visits. Details of this procedure are provided in earlier studies developed by our group and allow a better quantification of amount of cannabis use measured in grams in addition to frequency of use measured in days. 13, 15 While quantitative urine drug screens were collected, dronabinol produces a positive screen. A strong association had previously been found between TLFB and urine drug screens in the placebo arm of a past study from our group using dronabinol, supporting the use of the TLFB as a reliable method to measure cannabis use.
13
Quality of Life
The Quality of Life Enjoyment and Satisfaction Questionnaire-Short Form (QLES-Q-SF), a 16-item self-report questionnaire, was used to assess the degree of enjoyment and satisfaction experienced by subjects in different areas of daily functioning, on a 5-point scale. 16 Satisfaction with physical functioning, household duties, work, leisure, social support and relationships, subjective feelings, medication, and overall life are assessed. The sum score of the first 14 items is computed, where higher scores on the QLES-Q-SF indicate greater contentment or satisfaction. The minimum raw score on the QLES-Q-SF is 14, and the maximum is 70. Raw scores can be converted into a percentage (raw score-14)/56) of the maximum possible score on the QLES-Q-SF to provide a clearer conceptual framework for interpreting quality of life scores. The QLES-Q-SF has been previously used in a number of treatment trials and in diverse patient populations with mood, anxiety, and psychotic disorders to assess quality of life dimensions, demonstrating a differential improvement for patients on active treatment, including medications 17 The summary score has been shown to be a reliable and valid measure of quality of life that is related to but not redundant with severity of illness. 16 Previous studies of normative community samples have reported a mean QLES-Q-SF raw score of 57.8 and converted percentage score of 78.3% (SD ¼ 11.3%), where scores within 10 percentage points of this value (QLES-Q-SF ! 53.5 or 70.47%) are considered "within-normal."
18 QLES-Q-SF scores less than 2 SD below the community norm scores, that is, QLES-Q-SF scores 45.2 or 55.7%, are considered "severely-impaired" QoL.
Data Analyses
The relationship between baseline amount of cannabis use (a natural log transformed total dollar amounts and total grams of cannabis 1 month prior to treatment) and baseline QLES-Q-SF raw scores was analyzed using Pearson's correlations. The primary outcome of QoL at the end of study (QLES-Q-SF raw scores at week 12) was analyzed using separate multiple linear regression models for each of the three predictors of interest: (1) abstinence during the last 2 weeks of the trial (yes or no); (2) frequency of use as measured with the average proportion of using days per week in the last 2 weeks; and (3) quantity of use as measured with the reduction in actual grams used from the weekly average at baseline (past 28 days) to the weekly average during the last 4 weeks of the trial (weeks 9-12).
Baseline QLES-Q-SF raw scores, study arm, and gender were treated as covariates in each model. The interaction between gender and each predictor of interest was tested for moderation effects; if the interaction was not found to be significant, the interaction term was omitted and a model with only the main effects was fit.
RESULTS
Participants
Demographic and baseline clinical characteristics of randomized participants who completed week 12 QLES-Q-SF (N ¼ 62) are shown in Table 1 . The sample was predominantly male (66.1%), in their mid-thirties (mean age ¼ 36.7), unmarried (77.4%), and white (46.8%). The majority of the sample completed college (36.1%) or graduate school (19.4%), and half (51.6%) were employed with parttime or full-time work.
Baseline Cannabis Use and Quality of Life
At baseline, QLES-Q-SF was collected on 52 participants (10 participants' baseline scores were missing due to: initiation of the study prior to IRB approval of use of the QLES-Q-SF as a measure (n ¼ 6) and failure to complete the measure (n ¼ 4)). The mean raw score was 49.83 (standard deviation (SD) ¼ 9.28), which is equivalent to 64.0% of the maximum possible score on the QLES-S-SF (Table 1 ). The median total dollar amount and median total grams of cannabis used in the 28 days prior to treatment were $368.03 (interquartile range (IQR) ¼ $188.00-$660.00) and 37.12 grams (IQR ¼ 17.29g-63.24 g), respectively. At baseline, no significant correlations were discovered between QLES-Q-SF raw scores and log transformed cannabis use in dollar amount (r(50) ¼ À.091, p ¼ .520) or grams used (r(50) ¼ À.158, p ¼ .264).
Cannabis Use and Quality of Life at End of Study
All results of the main effect models predicting QLES-Q-SF raw scores at week 12 are described in detail below and summarized in Table 2 .
Model 1: Effect of Abstinence During Last 2 Weeks
Of the subjects who completed QLES-Q-SF at week 12, the observed proportion of subjects achieving abstinence during the last 2 weeks of the trial was 29/62 (46.8%). There was no significant moderation effect of gender (F 1,46 ¼ 0.70, p ¼ .408) on last 2 weeks abstinence, so the interaction term was omitted from the final model. Last 2 weeks abstinence was significantly associated (F 1,47 ¼ 8.34, p ¼ .006) with higher QLES-Q-SF raw scores at week 12, while adjusting for study arm, gender, and baseline QLES-Q-SF score (see Table 2 , Model 1). The model adjusted boxplot for QLES-Q-SF raw scores and last 2 weeks abstinence is shown in Figure 1 . Participants who were abstinent during the last 2 weeks of the trial reported higher QLES-Q-SF raw score on average by 6.78 points (or 12% of the maximum possible change in QLES-Q-SF score) compared to those who continued to use cannabis.
Model 2: Effect of Proportion of Using Days
For subjects who completed the QLES-Q-SF at week 12, the median of the within-person average proportion of using days per week during the last 2 weeks was 7.14% (IQR ¼ 0%-50%). There was no significant moderation effect of gender (F 1,46 ¼ 0.42, p ¼ .521) on the proportion of using days during the last 2 weeks of the trial, so the interaction term was omitted from the final model. The proportion of using days during the last 2 weeks was significantly associated (F 1,47 ¼ 9.48, p ¼ .004) with QLES-Q-SF raw scores at week 12, while adjusting for study arm, gender, and baseline QLES-Q-SF score (see Table 2 , Model 2). The model adjusted scatter plot for QLES-Q-SF raw scores and proportion of using days is shown in Figure 2 . With one more cannabis using day during the last 2 weeks, QLES-Q-SF raw scores decreased on average, by 0.80 points (or 1.4% maximum possible score).
Model 3: Effect of Reduction in Cannabis Use
Of subjects who were not abstinent (n ¼ 40) during the last 4 weeks of the trial, the median reduction in grams of cannabis used from the weekly mean at baseline to the weekly mean during the last 4 weeks of the trial (weeks 9-12) was 5.49 g (IQR ¼ 3.19-12.16). There was no significant moderation effect of gender (F 1,26 ¼ 0.08, p ¼ .786) on the reduction in grams of cannabis use, so the interaction term was removed from the model. Reduction in cannabis use was not significantly associated with QLES-Q-SF raw scores (F 1,27 ¼ 0.25, p ¼ .620; see Table 2 , Model 3), while adjusting for study arm, gender, and baseline QLES-Q-SF score. The model adjusted scatter plot for QLES-Q-SF raw scores and reduction in grams of cannabis used is shown in Figure 3 .
DISCUSSION
Contrary to our first hypothesis, no baseline associations were found between severity of cannabis use and quality of life, which differs from previous findings. This is likely attributable to the limited range of baseline variability in cannabis use in our sample. Our study's inclusion criteria required that all participants had a DSM-IV diagnosis of cannabis dependence and as per results from the primary outcomes paper, all were daily users. 3 Our study sample's severe and heavy cannabis use likely corresponded to a lower and limited range in quality of life at baseline. Previous studies that demonstrated dose-related associations of cannabis use and self-reports of QoL included individuals with CUD and occasional, recreational cannabis users, providing a broader range of both cannabis use and associated effects on quality of life. 4 However, similar to our findings, Lev-Ran et al. 4 found that among individuals with CUD, no association in QoL ratings were found with increasing doses of cannabis used, suggesting that once a certain severity of cannabis use is met clinically, quality of life ratings are no longer affected. Compared to past studies of normative community samples, 18 the participants entered our study with moderately severe levels of impairment in QoL (mean QLES-Q-SF score of 49.83 or 64.0%) at baseline corresponding to their heavy cannabis use.
Consistent with our hypothesis, abstinence, and lower proportion of cannabis using days (reduced frequency of use) are associated with higher QoL. Reduction in grams of cannabis used (amount), however, was not associated with improvements in QoL. This suggests that the overall burden on QoL as a result of cannabis use is driven by the frequency of use (proportion of using days) and not the total amount of cannabis consumed (grams of cannabis used). This is consistent with previous studies demonstrating that greater frequency of cannabis use is associated with lower measures of QoL, 19, 20 and that spontaneous remission or decreases in frequency of use (reducing days of use) resulted in improvements in QoL. 21, 22 In our study it is notable that for each additional cannabis using day, QLES-Q-SF scores were lower by 0.8 on the raw score or 1.4%. These findings suggest that treatments targeting reduced frequency of use may be most effective. For individuals who were abstinent, their QLES-Q-SF scores were higher by 6.78 points (12%), correlating with greater than one standard deviation of improvement as seen in community samples (SD ¼ 11.3%). This is a clinically IQR denotes "Interquartile Range." a 10 subjects were missing baseline QLES-Q-SF scores; b 1 subject missing total grams used at baseline; c 21 subjects were abstinent during the last 4 weeks and were not included meaningful improvement as supported by previous studies examining changes in QLES-Q-SF during treatment for major depressive disorder. [23] [24] [25] Individuals with CUD, by definition, are having impairment across many areas of their life as a result of their cannabis use. It is not surprising that likely meaningful reductions in cannabis use (being able to go full day(s) without any use) and abstinence as a result of treatment lead to significant, positive associations with participants' multi-dimensional self-assessments of their degree of enjoyment and satisfaction experienced across different areas of daily functioning as measured with quality of life assessments.
Our study adds to the small but growing literature on quality of life in the treatment of CUD. Our findings are consistent with other treatment studies for non-cannabis substance use disorders. Studies examining medication or psychosocial treatments for alcohol, 26, 27 opioid, 28 cocaine, 29 nicotine, 30 and multiple substance use disorders 31 showed improvements in measures of QoL over the course of treatment with reductions in frequency of use or abstinence. Our findings are supported by the range in natural variability in cannabis use severity seen in large, cross-sectional, epidemiological studies without interventions, showing this negative association of cannabis use with QoL-non-users and occasional users have higher QoL indices as compared to heavy cannabis users or those who meet criteria for a CUD. 4, 7 A recent secondary analysis looking at quality of life changes in a treatment study for CUD did not find QoL changes associated with reductions in cannabis use. 32 This study notably did not use a validated measure for QoL but a nonvalidated proxy measure of number of past days with mental or physical problems. The study did find that measures of mood, anxiety, and sleep quality, all factors that can influence QoL, did change over time as a result of changes in cannabis use. The differences in outcome measure may explain the overall differences in findings.
Unlike previous studies looking at QoL and cannabis use, our study did not find gender differences. Previous studies that found an effect of cannabis use on negative self-report ratings on QoL in women compared to men had substantial sample, methods, and study design differences, making comparisons challenging. The most recent studies finding gender differences all utilized data from the National Epidemiological Survey of Alcohol and Related Conditions (NESARC), 4,9,12 a TABLE 2. Main effect models predicting QLES-Q-SF raw score at week 12 large, general population-based, cross-sectional survey. Further, they used different measures for both cannabis use and QoL than our study, and notably had significant psychiatric comorbidity that was greater in women, including depressive and anxiety disorders, which may contribute to lower QoL scores as compared to men. 9, 12 Our study analyzed data from a randomized controlled trial of outpatient medication treatment for individuals meeting criteria for CUD, resulting in a more homogenous and substantially smaller sample. Because of exclusionary criteria in our study for significant or unstable co-occurring psychiatric disorders, our sample did not include participants with symptomatic or notable mental health comorbidity. The differential effects of cannabis use and QoL observed in women may be more relevant in a dual-diagnosis population. Further, of the participants who completed end of study QoL ratings, twothirds were men. The small number of women in our study likely diminished our power to detect gender differences.
While our study has a number of important strengths (eg, first study to assess a validated measure of QoL and find abstinence and reduced frequency of cannabis use during treatment to be associated with higher QoL), there are some limitations that should be noted. Because one of the medications (dronabinol) used in the trial results in positive urine drug screens for cannabis, our measure for cannabis use is based on self-report and could not be confirmed with quantitative urine THC levels. However, as previously noted in Levin et al., 3 given that there were no negative consequences for reporting use, the self-reports are likely consistent with urine results as previous studies have demonstrated. Another limitation is our assessment of QoL. While the QLES-Q-SF is a validated measure to assess QoL in participants engaged in treatment, we could have looked at additional factors, such as subjective and objective measures of sleep, exercise, stress, and mood that may impact QoL, particularly in individuals with CUD undergoing treatment in order to have a more comprehensive picture of the relationship between changes in cannabis use and QoL. As previously shown by Hser et al., 32 differential effects may be seen during treatment across measures. Finally, although our hypotheses suggest changes in cannabis use related to frequency and abstinence are a predictor of QoL at end of study, directionality between changes in QoL and changes in cannabis use need to be further explored in reverse, where improved QoL may precede reduction in cannabis use. Our study focused on QoL at the end of study, but future studies should assess QoL more frequently in order to capture the temporal relationships between QoL and changes in cannabis use.
Finally, we only analyzed data for study completers, and not missing QoL data at end of study. Those subjects who did complete the study as a group are probably different than all randomized participants. Without knowing the actual values of missing data, we are unable to identify these differences. Our results are likely not generalizable due to the attrition to the larger population of treatment-seeking individuals with CUD. Future studies should assess QoL more frequently during trials.
In summary, our results highlight the importance of QoL as an outcome measure in CUD treatment trials. As seen in other chronic disease models from cancer to heart failure, QoL indices are meaningful subjective measures to track over the trajectory of illness and treatment. As healthcare shifts from a system focused on volume of services delivered (as a result of fee-for-service reimbursement) to value created for patients, identifying and measuring outcomes that are patient-centered is critical. There has been recent interest in the substance abuse treatment and research communities in determining whether changes in illicit drug use are associated with positive changes in health-related and other functional outcomes in individuals with substance use disorders which cannot be measured or understood with urine toxicology and TLFB alone. 33 Demonstrating, as we have in this study, that abstinence and decreased frequency in cannabis use are associated with positive changes in one's QoL helps to support QoL as a useful outcome measure in clinical treatment trials for CUD. Future substance abuse treatment studies should target these gaps in our knowledge and examine measures, both objective and subjective, that are meaningful to patients, linked to reductions in cannabis use, and reflective of functionality. 
